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Abstract: Background. Sagittal 
abdominal diameter (SAD) is a novel 
anthropometric that correlates more 
strongly with visceral adipose tissue 
(VAT) and cardiometabolic disease risk 
in adults compared with body mass 
index (BMI). However, little research 
has evaluated this measurement in 
children. Objective. To evaluate SAD 
as a measure of cardiometabolic risk 
compared with other anthropometrics 
in overweight/obese children. Methods. 
This study was a cross-sectional subset 
analysis of 8- to 12-year-old overweight/
obese children. SAD was compared 
to BMI, waist circumference (WC), 
BMI z-score, and percent body fat 
to determine which measurement 
was most closely associated with 
cardiometabolic risk factors. A total 
cardiometabolic risk score comprising 
all biochemical markers and blood 
pressure was also compared to these 
same anthropometrics. Results. 
Overweight/obese children (n = 145, 
mean age 10 ± 1.4 years, mean BMI 
percentile 97.9 ± 0.02) were included 
in the analysis. SAD correlated with 
the greatest number of biochemical 
markers/blood pressure values including 
triglycerides (r = .18, P = .03), HgbA1c 
(r = .21, P = .01), and systolic blood 
pressure (r = .38, P < .0001). SAD was 
more strongly correlated to total risk 
score (r = .25, P = .002) than WC (r = 
.22, P = .006), BMI (r = .17, P = .04), 
BMI-z (r = .18, P = .03), and percent 
body fat (r = .18, P = .03). Conclusion. 
This is the first study to evaluate SAD 
in overweight/obese American children 
as a marker of cardiometabolic disease 
risk. The results suggest a slightly 
stronger correlation between SAD 
and cardiometabolic risk factors in 
overweight/obese children; however, 
all correlations were weak. As this was 
a pilot study, additional research is 
needed prior to recommending the use 
of this measurement in clinical practice.
Keywords: sagittal abdominal 
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Childhood obesity is a major national public health concern. Seventy percent of obese 
teenagers develop into obese adults.1 
Obesity during childhood is associated 
with the development of insulin 
resistance, diabetes, and cardiovascular 
disease (CVD) throughout the lifecycle.2 
Increased visceral adipose tissue (VAT), 
in particular, has been identified as 
increasing an individual’s risk in the 
development of these obesity-related 
cardiometabolic diseases. Excess VAT is 
hypertrophied, dysfunctional intra-
abdominal tissue that is hyperlipolytic, 
leading to the release of free fatty acids 
directly into the liver and contributing to 
alterations in glucose metabolism and 
insulin resistance.3 Also, VAT acts as a 
remarkable endocrine organ secreting 
proinflammatory cytokines such as tumor 
necrosis factor-α and interleukin-6 and 
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“Obesity during childhood is associated with the 
development of insulin resistance, diabetes, and 
cardiovascular disease throughout the lifecycle.”
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has been associated with elevated 
C-reactive protein levels.4 These 
mechanisms all contribute to the pro-
inflammatory environment that VAT 
promotes in the development of type 2 
diabetes and CVD.
The association between childhood 
obesity and increased risk for the 
development of cardiometabolic diseases 
potentiates the need to identify easy, 
inexpensive, and reliable methods to 
identify those at most risk. Common 
anthropometric measurements used to 
identify obesity are body mass index 
(BMI) and waist circumference (WC); 
however, there is growing evidence 
suggesting that a newer measurement, 
sagittal abdominal diameter (SAD), can 
more accurately identify adults most at 
risk by more precisely measuring VAT. 
Multiple studies have examined the 
relationship between SAD and other 
measures of obesity and risk factors for 
cardiometabolic disease in adults.5-18 
However, only 5 known studies have 
been conducted in children, all of which 
were completed outside the United 
States.19-22 Therefore, the purpose of this 
project was to examine the relationship 
between SAD and cardiometabolic risk 
factors in 8- to 12-year-old overweight 
and obese children, with the goal of 
adding to the dearth of data in this field.
Methods
Study Design
This study is a cross-sectional subset 
analysis of participants enrolled in the 
Extension Family Lifestyle Intervention 
Project (E-FLIP for Kids) that was 
approved by the University of Florida’s 
Institutional Review Board. E-FLIP for 
Kids is a prospective, randomized, 
behavioral lifestyle intervention with 8- to 
12-year-old overweight and obese 
children and their parents in rural 
communities in North Central Florida. The 
methods of the overall project can be 
found in Contemporary Clinical Trials.23
Participants
Participants included in this analysis 
were a subset of 8- to 12-year-old 
overweight/obese children. Children 
were enrolled in 4 different waves from 
April 2010 to February 2012. SAD was 
not measured in the first wave and 
therefore these children were not 
included in this analysis. The sample size 
for this study was determined by the 
major outcomes of the E-FLIP for Kids 
study, which included change in BMI-z 
score from baseline to postintervention. 
However, in conducting our literature 
review, studies of similar size found 
significant correlations between 
anthropometric measurements and 
disease risk factors.19,24
Measures
The following measurements were 
taken by trained staff prior to beginning 
the intervention. Measurements were 
taken in the afternoon and not in the 
fasted state. Height was measured in 
triplicate using a portable Harpendon 
stadiometer to the nearest 0.1 cm. Weight 
was measured to the nearest 0.1 kg in 
triplicate using a portable, digital scale 
(Tanita BWB-800) and percent body fat 
was measured in triplicate using a 
bioelectrical impedance certified digital 
scale (Tanita Body Composition Monitor 
BC-533). The Tanita BC-533 was created 
for use in community settings and has a 
child specific mode, which takes into 
account child’s weight, height, age, and 
gender to ensure accurate measurements. 
The Tanita BC-533 has been shown to be 
safe and effective and has been used in 
previous research examining body fat 
percentage in youth.25 The child’s BMI 
was calculated and plotted on the 
appropriate Centers for Disease Control 
and Prevention growth chart for age and 
gender to obtain BMI percentile ranking. 
BMI-z score was calculated by taking 
into account a child’s age, sex, BMI, and 
a reference standard for children’s age 
and sex. WC was measured in triplicate 
with a tape measure at the top of the 
ileac crest to the nearest 0.1 cm. SAD 
was measured in triplicate to the nearest 
0.1 cm in the supine position at the top 
of the iliac crest with a Holtain Kahn 
caliper. Children were told to take a 
deep breath, exhale, and relax. The top 
bar of the caliper was then pushed down 
to just touching the top of the stomach.
Blood measures were assessed by taking 
2 to 3 drops of blood from the child’s 
finger under aseptic conditions. The Alere 
Cholestech LDX (Alere, Inc, Waltham, 
MA), point of service machine, was used 
to determine total and low-density 
lipoprotein (LDL) cholesterol, and 
triglycerides. The Alere Cholestech GDX 
A1c point of service machine (Alere, Inc) 
was used to measure HgbA1c. Blood 
pressure was taken by a nurse after the 
child rested for 15 minutes in a sitting 
position with an appropriately sized 
manual blood pressure cuff according to 
methods described by Williams et al.26 
Blood pressure was taken 3 times with 2 
minutes between each measurement. The 
first measurement was discarded, and the 
last 2 measurements were averaged. To 
create a “total risk score” for each 
participant, the methods were adapted 
from Ohrvall et al17; each metabolic risk 
measure was standardized to a mean of 0 
and a variance of 1. The sum of total and 
LDL cholesterol, triglycerides, systolic 
blood pressure (SBP), diastolic blood 
pressure (DBP), and HgbA1c values 
minus the high-density lipoprotein 
cholesterol (HDL-C) value yielded the 
total risk score.
Statistical Analyses
All data were analyzed using JMP 8.0 
Statistical Software (SAS Inc, Cary, NC). 
Regression analysis was used in 
analyzing the association of all the 
anthropometric measurements and 
laboratory values. Descriptive statistics 
are reported as mean ± standard 
deviation. A P value of <.05 was 
considered significant.
Spearman’s correlation analysis was 
conducted fitting SAD, WC, percent body 
fat, BMI, and BMI-z against the disease 
risk values of total cholesterol, HDL and 
LDL cholesterol, triglycerides, SBP, DBP, 
and HgbA1c at baseline. Spearman’s 
correlation analysis was also used to 
compare the baseline anthropometric 
measurements with total risk score. The 
SAD value that correlated with the 
median total risk score of 0 was 
determined and children were 
categorized as falling above or below 
this value.
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Results
One hundred and eighty-nine children 
met the eligibility criteria and were 
enrolled in waves 2, 3, and 4 of the 
E-FLIP for Kids study. Forty-four children 
were excluded from the analysis due to 
lacking a component of the 
anthropometric or blood measures, 
leaving a sample size of 145 children. 
Parents identified the race and ethnicity 
of participating children as Caucasian 
(70%), black (12%), biracial (12%), and 
unknown (3%). Nine percent of this 
group was Hispanic, 89% non-Hispanic. 
There was an even distribution among 
each age group from 8 to 12 years, 




Baseline anthropometric and 
biochemical data from the 145 
participants are presented in Table 2. 
Eight percent of the children fell into the 
overweight range of 85th to <95th 
percentile BMI, with the remaining 92% 
in the ≥95th percentile BMI range, 
classifying them as obese. Fifty-two 
percent of the children classified as 
obese were at or above the 99th 
percentile for age and gender. The mean 
BMI of the children at baseline was 29 ± 
5.3 kg/m2, which by adult standards 
would categorize them as being 
overweight. Furthermore, the mean WC 
in our study was 92 ± 12.8 cm. This 
mean WC is above the 90th percentile 
for 8- to 12-year-old children, which 
ranges from 67.8 to 84.8 cm depending 
on age and gender.27
While individual children (85.5%) had 
biochemical and/or blood pressure 
values that were out of the normal range, 
when evaluating all children together, 
only the mean triglyceride and HDL 
cholesterol levels were abnormal. The 
mean triglyceride level of children at 
baseline was 164 ± 75 mg/dL, which 
exceeds the recommended level for this 
age group. The mean HDL-C of 38 ± 9 
mg/dL is below the recommended level 
of >45 mg/dL for children and 
adolescents. With a mean WC of 92 ± 13 
cm along with abnormal triglyceride and 
HDL-C levels, over half of these children 
(54%) met the criteria for metabolic 
syndrome as categorized by Cook et al.28
Correlations of Individual 
Anthropometric Measures 
With Disease Risk Factors
Significant correlations among 
anthropometric values and biochemical 
markers were detected, although the 
number and strength of these 
correlations differed (Table 3). As 
hypothesized, SAD correlated positively 
with more markers of disease risk and to 
a greater degree than other 
anthropometric measures including 
triglycerides (r = .18, P = .03), HgbA1c  
(r = .21, P = .01) and SBP (r = .38, P ≤ 
.0001). WC correlated positively with 
SBP (r = .34, P ≤ .0001) and DBP (r = 
.21, P = .01). BMI-z correlated positively 
with triglycerides (r = .17, P = .04) and 
SBP (r = .28, P ≤ .007). BMI correlated 
positively with HgbA1c (r = .17, P = .04) 
and SBP (r = .37, P ≤ .0001), and 
percent body fat correlated positively 
with SBP (r = .32, P = .0001).
Total Risk Score 
Evaluated at Baseline
As predicted, some anthropometric 
measures correlated with some 
biochemical markers of risk and other 
anthropometric measures correlated with 
other risk factors. Thus, we conducted an 
exploratory analysis to further evaluate the 
relationship between the various 
Table 1.
Characteristics of Participants at Baseline.




 7 Years 4 3
 8 Years 19 13
 8 Years 34 23
 10 Years 30 21
 11 Years 30 21
 12 Years 28 19
Racial group
 White 102 70
 Black 17 12
 Biracial 18 13
 Unknown 4 3
Ethnic group
 Non-Hispanic 129 89
 Hispanic 13 9
 No response 2 1
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anthropometric measures and overall 
disease risk. Compared to other 
anthropometric measurements, SAD (r = 
.25, P = .002) was most strongly correlated 
with the total risk score (Table 4).
An exploratory aim of this study was to 
determine if there was a cutoff point at 
which SAD correlated with 
cardiometabolic risk in overweight and 
obese children. A cutoff value of 
approximately 21 cm in both sexes 
correlated with a risk score greater than 
the median total risk score of 0 in the 
145 participants.
Discussion
As hypothesized, SAD was found to 
significantly correlate with the greatest 
number of markers of disease risk and 
correlated the most strongly compared 
with other anthropometric measures (r = 
.25, P = .002) to total cardiometabolic 
risk in this population of overweight and 
obese children. The national childhood 
obesity epidemic compels the need to 
ascertain the most reliable, easy, and 
inexpensive anthropometric 
measurements that can be used to 
identify children who are most at risk for 
chronic disease. SAD has been found to 
be valid and reliable29 and may be an 
ideal measurement to consider because it 
has been shown to most closely correlate 
with visceral adiposity compared with 
other anthropometric measurements in 
adult populations.30,31 This is significant 
because visceral adiposity is more 
indicative of the disease risk associated 
with obesity than subcutaneous fat.
This is the first known study to evaluate 
the associations between SAD in 
overweight/obese American children with 
Table 2.
Mean (Standard Deviation) of Anthropometric Measurements and Biochemical Markers/Blood Pressure of Participants at Baseline  
(n = 145).
All Participants Recommended Values
Anthropometric data
 Weight (lbs) 142.3 (40.5)  
 Height (in.) 58.7 (3.9)  
 BMI 29 (5)  
  BMI percentiles 98 (2) <85th percentile for age and gender
  BMI-z 2.18 (0.4)  
  WC (cm) 92 (13) <90th percentile age and gender
  Percent body fat 40 (7) Unknown
  SAD (cm) 21.14 (3.2) Unknown
Biochemical markers and blood pressure
 Triglycerides (mg/dL) 164 (75) 0-9 years <75; 10-19 years <90
 Total cholesterol (mg/dL) 159 (34) <170
 HDL cholesterol (mg/dL) 38 (9) >45
 LDL cholesterol (mg/dL) 88 (29) <110
 HgbA1C (mg/dL) 5.48 (0.3)  
 SBP (mm Hg) 96 (10) <90th percentile for age/gender/height
 DBP (mm Hg) 64 (7) <90th percentile for age/gender/height
 MetS (%) 54  
Total risk score −2.14 (3.8)  
Abbreviations: BMI, body mass index; WC, waist circumference; SAD, sagittal abdominal diameter; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 
SBP, systolic blood pressure; DBP, diastolic blood pressure.
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cardiometabolic risk factors. A recent 
study by Al-Daghri et al32 identified SAD 
cutoff values in 964, 5 to 17 year olds in 
Saudi Arabia by comparing SAD values 
with other measures of obesity (including 
BMI, WC, and hip circumference). Based 
on their results, the researchers suggest 
using the following values as indicators 
of obesity as measured by SAD: 14 cm 
for prepubertal boys and girls; 15 cm and 
16 cm for pubertal girls and boys, 
respectively; and 21.5 cm and 22 cm for 
postpubertal girls and boys, 
respectively.32 While we were unable to 
categorize children as prepubertal, 
pubertal, or postpubertal, 21 cm appears 
to be an upper limit associated with a 
higher degree of cardiometabolic 
disturbance.
Our study included 145 overweight and 
obese children, between the ages of 8 
and 12. In this population, SAD correlated 
the most strongly with accepted markers 
of cardiometabolic disease. As all 
correlations of anthropometrics were 
weak, the significance of this finding and 
application to clinical practice should be 
viewed with caution at this time. Future 
studies should evaluate SAD in children 
across the weight spectrum and evaluate 
what measurement is the most acceptable 
to both children and health care 
providers. Age- and gender-specific 
ranges of SAD that are related to 
cardiometabolic risk must also be 
determined to make this a clinically 
valuable measurement.
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